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52.   ON THE ELASTICITY AND STRENGTH OP SPIRAL SPRINGS, AND OF BARS SUBJECTED TO TORSION.
[From the Cambridge and Dublin Mathematical Journal, No. xvir. November 1848, pp. 258—266.]
A SPIRAL Spring of the most usual kind consists of a long bar or wire, generally of a circular section, coiled up into the form of the thread of a screw.
For the purpose of attaining precision in speaking of such springs, the following definitions and preliminary explanations will be useful. The curve in which the centres of all the sections of the bar are situated may be called the spiral axis of the spring. This lies in the surface of a cylinder, the axis of which may be called the longitudinal axis of the spring. The angle which the spiral axis makes with a plane perpendicular to the longitudinal axis may be called the inclination of the coil or of the spiral. Each end of the bar is bent in such a way that the force applied to elongate or compress the spring may act in the longitudinal axis*. In what follows, unless the contrary be specified, the spring may be supposed to be suspended by one end, the force applied being one of tension produced by a weight hung at the lower end.
The Elasticity and Strength of Spiral Springs have not, so far as I am aware, been hitherto subjected to scientific investigation; and erroneous ideas are very prevalent on the subject, which are not unfrequently manifested in practice by the adoption of forms very different from those which would afford the greatest advantages^ Having had occasion to construct some spiral springs which, in their elasticity, strength, and dimensions, should fulfil certain definite conditions, I was led to seek for principles to
* In fact, even if, in the construction of the spring, this matter has not been attended to, and the ends of the bar forming the points of application of the opposite forces have not been placed in the longitudinal axis; immediately on a tensile force being applied, the spring will, if it be of considerable length, adjust itself so that the force will act in that axis, except in the neighbourhood of the two ends. At those parts the spring will be weaker than towards the middle; and, if the force be sufficient to induce a permanent alteration on its form, this change will commence by the ends assuming forms of greater resistance, the longitudinal axis approaching more nearly to the line of action of the forces.